The ecological impacts of animal groups may be different and predictable depending on their collective behavior. Farmerfish (Stegastes nigricans) live in social groups and collectively defend gardens of palatable algae. These gardens also serve as settlement and nursery habitats for corals because farmerfish mob corallivores that attempt to forage on corals within these gardens. We detected large among-colony differences in farmerfish collective aggression towards intruder fish that persisted across years. We further found that the territories of aggressive groups and territories containing larger farmerfish provided greater protection to corals: territories of aggressive groups naturally harbored more branching corals than nonaggressive groups, and experimentally outplanted branching corals experienced 80% less skeletal loss and grew larger over 25 weeks in aggressive territories than in nonaggressive territories. These findings hint that factors that increase farmerfish group aggressiveness (e.g., higher temperatures) could enhance the protective value of farmerfish territories for the replenishment of coral populations.
INTRODUCTION
It is now well established that intraspecific variation can have significant ecological impacts (Bolnick et al. 2003; Bolnick et al. 2011; Sih et al. 2012; Wolf and Weissing 2012) . Studies over the past decade have shown that community succession (Dickie et al. 2012; Pruitt and Modlmeier 2015) , the presence and magnitude of trophic cascades (Griffen et al. 2012; Toscano and Griffen 2014) , invasion success (Fogarty et al. 2011) , population viability (Hughes and Stachowicz 2004) , extinction risk (Pruitt 2013) , and myriad other ecological processes can be influenced by intraspecific variation. Such effects can arise either by altering the average phenotype of the individuals involved in the process, or by the magnitude of individual variation (variance) itself, e.g., via intraspecific portfolio effects (Sih et al. 2012; Wolf and Weissing 2012) . In the most extreme cases, studies have suggested that trait diversity within a species can have larger impacts on ecological outcomes than interspecific variation (Keiser and Pruitt 2014b) . Within behavioral ecology, temporally consistent individual differences in behavior are referred to as temperament (Réale et al. 2007 ), behavioral syndromes (Sih et al. 2004 ), behavioral types, or personalities (Sih and Bell 2008) . Recent years have seen an increasing number of studies aimed at documenting the presence of such individual differences and assessing their ecological impacts.
Social animals provide a special case study for examining the ecological effects of intraspecific behavioral variation because stable differences in behavior can occur at both the individual and group level (Jandt et al. 2014) . At the individual level, group members may differ from one another in traits like sociability, aggressiveness, and so on Keiser and Pruitt 2014b) . Likewise, at the group level, whole groups may differ from each other in their collective behavior (Gordon 2013; Hui and Pinter-Wollman 2014) . Such intergroup differences may arise because of the relative ratios of different phenotypes within the groups , differences in the average behavioral phenotypes of group members (Keiser and Pruitt 2014a) , the presence or absence of one or a few individuals with extreme behavioral phenotypes (Chang and Sih 2013) , or as a consequence of differences in the environment in which groups reside (Pinter-Wollman et al. 2011; Pinter-Wollman et al. 2012) . This variation in collective traits, in turn, can drive collective outcomes, like the rate at which information spreads through a group (Aplin et al. 2015) or the collective defenses exhibited towards rival groups (Modlmeier and Foitzik 2011) . Only recently have investigators begun to examine the broader ecological effects of such intergroup differences. However, the evidence available suggests that stable intergroup differences in collective behavior are a taxonomically widespread phenomenon and commonly determine group success (Wray et al. 2011; Pruitt 2012; Hui and Pinter-Wollman 2014) .
Here, we evaluate the effects of intergroup behavioral variation on community-level processes using a farmerfish-coral system. The dusky gregory (Stegastes nigricans) is a group-living farmerfish (hereafter "farmerfish") occurring on tropical reefs from the western Indian Ocean to the eastern Pacific (Randall 2005) . Both males and females maintain individual territories where they cultivate lawns of palatable microalgae that they then defend from intrusion by foreign conspecifics and heterospecifics (Hata and Kato 2002; Gobler et al. 2006; Hata et al. 2010 ). Groups of territories are organized into clusters where fish collectively attack would-be intruders, potentially to their shared benefit (as in: Jungwirth et al. 2015) . Because of a pelagic larval phase, like most marine fishes (reviewed in: Taborsky and Wong 2017), relatedness among group constituents is predicted to be low in farmerfish groups. Most farmerfish defend their unique subterritories and reproduce (Hata and Kato 2002; Hata et al. 2010) , and therefore, overt reproductive suppression does not appear to occur in these societies.
Prior studies have shown that branching corals (e.g., Pocillopora, Acropora) that settle into farmerfish territories enjoy reduced mortality and faster growth rates relative to corals that recruit outside of farmerfish territories (Done et al. 1991; Gochfeld 2010; White and O'Donnell 2010) . This occurs because farmerfish harass corallivores, and virtually all other fishes, that attempt to consume branching corals located within their territory (Haley and Muller 2002; Gochfeld 2010; Johnson et al. 2011; Vullioud et al. 2013; Ros et al. 2014) . As a result, farmerfish gardens may serve as nursery habitats for branching coral and reestablishment nuclei following coral die-offs in lagoons (e.g., from cyclones, outbreaks of crownof-thorns sea stars). Some investigators have therefore referred to farmerfish, and other territorial damselfish, as ecosystem engineers (Ceccarelli et al. 2001; White and O'Donnell 2010) .
We examine here whether farmerfish colony aggressiveness is associated with enhanced protection for corals. We first test whether colonies exhibit temporally stable differences in their aggressiveness. We then explore possible associations between intercolony differences in aggressiveness and the presence of naturally-occurring branching corals. Finally, we investigate the fate of small coral fragments ("nubbins") experimentally outplanted into farmerfish territories with contrasting levels of aggressiveness to evaluate whether more aggressive groups confer increased protection.
METHODS

Study site and colony selection
The farmerfish colonies used in this study were located at <3 m depth in the mid-lagoon region of the north shore of the island of Moorea, French Polynesia (17°30′ S, 149°50′ W). During the Austral winter of 2016, we haphazardly selected a set of farmerfish colonies, each situated on a discrete patch reef ("bommie") formed by massive coral (Porites spp.) and surrounded by sand. For each colony (N = 29), the size of the host bommie (height, length, width, and circumference) was recorded, and the percent of the bommie surface covered by the macroalga Turbinaria ornata, living Porites coral, and the colony's garden were estimated visually by S.J.H. and R.J.S. We also recorded the number and size (cm length, width) of each naturally-occurring branching coral (in the genera Pocillopora and Acropora) and encrusting coral (Montipora spp.) in the garden. For our analyses here, we elected to focus on the number of corals within farmerfish territories, as this represents the number of successful recruitment and establishment events. The number of the farmerfish in each colony was enumerated and total body lengths estimated to the nearest cm by a trained observer (A.J.B.). All behavioral assays were conducted in the morning or early afternoon each day (0830-1400).
Collective mobbing behavior
To test whether farmerfish colonies exhibited stable differences in their collective aggressiveness towards intruders, we presented them with an intruder fish: a solitary Zebrasoma scopas (brushtail tang) inside a transparent plastic container. Colonies that responded more quickly when an intruder fish was presented, deployed more inspector fish, or delivered more strikes to an intruder were thus deemed to be more aggressive. On Moorea, herbivorous Zebrasoma individuals commonly attempt to enter farmerfish territories to forage on the algal gardens and farmerfish respond to these intruders with high levels of aggression (e.g., chasing, striking, etc.) (A.J.B., S.J.H., R.J.S., J.N.P., personal observation).
The open side of the container containing the stimulus fish was covered with black poultry wiring to allow fresh seawater to pass in and out of the container between trials. A snorkeler placed each stimulus fish approximately 1 m from the edge of a colony's garden. This action also resulted in all members of the colony retreating into their shelter crevices within the patch reef. The container was always presented with the black poultry wiring faced down against the substrate to maximize the transparency of the container. We also deployed a paired control container that did not house a fish. Whether the control container or the Zebrasoma was deployed first was alternated across days. After placement of the container, we recorded colonies' latency to emerge to investigate the stimulus (with or without the Zebrasoma) and the number of individual fish inspecting the stimulus every 30 s for 2 min. An individual was deemed to be inspecting the stimulus if it emerged from its retreat and persistently oriented towards the stimulus. Additionally, we recorded the number of strikes deployed towards the stimulus fish. Strikes were direct contacts with the stimulus. Our estimates of colony aggressiveness were within colonies differences between colonies' responses towards the 2 stimuli (with vs. without a Zebrasoma). The positions of the stimuli were varied haphazardly across trials to avoid conflating colony aggressiveness with a specific deployment locality. Colony aggressiveness was estimated 5 times (each separated by 48 h) over 2 weeks. For this study, we focus on the number of responder fish as our metric of colony aggressiveness because this score was the most repeatable metric recovered from this assay.
Colony aggressiveness was reassessed 11 months later (July 2017) using an identical protocol. We measured colonies' collective aggressiveness twice with 8 days between measurements, and then tested for a correlation in colony's average per capita aggressiveness in 2016 versus 2017. Aggressiveness assays were conducted in 2017 merely to evaluate whether short-term repeatabilities identified in 2016 might attenuate with time.
Collective boldness
To assess colony boldness, we recorded farmerfish colonies' latency to emerge following an aversive stimulus. These assays were conducted separately from the collective mobbing assays described above and did not involve the use of a stimulus fish or control container. Boldness assays were conducted on different days than collective aggressiveness assays.
We used the approach of a snorkeler to startle each colony. The same diver (B.T.B.) approached each colony slowly while submerged and then cleared his snorkel immediately above the colony and then swam away. The approach of the diver paired with the noise of clearing the snorkel reliably elicited a flight response where 100% of colony members retreated into crevices within their colonies. Two other observers then watched the colony at a 90° angle from the approach of the diver and recorded colonies' latency to emerge (in seconds) and the number of individuals visible (i.e., outside shelter) 30 and 60 s after the stimulus. Colonies that emerged more rapidly and those with more individuals out at 30 and 60 s after the aversive stimulus were deemed to be bolder. We estimated colony boldness 5 times (each separated by 48 h) over a 2-week period.
Colony boldness was reassessed 11 months later (July 2017) using an identical protocol. We measured colonies' collective boldness twice with 8 days between measurements, and then tested for a correlation in colony's average boldness (latency to emerge) in 2016 versus 2017. Boldness assays were conducted in 2017 merely to evaluate whether short-term repeatabilities identified in 2016 might attenuate with time. Thus, fewer assays were conducted per colony in 2017.
Natural levels of agonistic behaviors
In addition to the 2-staged behavioral assays described above, we also quantified the natural levels of agonistic encounters observed on or immediately around each colony. These data were used to evaluate the degree to which colonies differed in their levels of aggressiveness expressed under natural situations. Each colony was observed for 60 s from a sizable distance, to minimize the impacts of observer presence on fish behavior. The number of chases directed towards conspecific and heterospecific intruders was counted over this time. We performed one such observation per day 5 times over a 2-week duration (48 h between observations). One advisory note for this metric is that the number of chases counted is likely influenced by the number of intrusions which, in turn, are determined by patch size, the quality of the patch, and its position relative to other patches. Thus, while a more naturalistic measure, this metric should be interpreted with caution. Because of a low repeatability of this assays (see Results for details), we did not replicate this procedure in 2017.
Experimental test of colony defense of branching coral
To quantify how variation in collective behavior of farmerfish colonies affected performance of young coral, small fragments of the staghorn coral Acropora pulchra were transplanted into the garden of each focal farmerfish colony, and the amount of coral consumed by corallivores was measured after 3 weeks. Acropora pulchra has an arborescent growth form with long, cylindrical branches, is highly favored by corallivores, and forms thickets that are occupied and defended by farmerfish in Moorea (Johnson et al. 2011) . Each transplanted coral consisted of a primary branch with an intact tip that was hand collected by scuba divers from natural colonies growing on a fringing reef located 1.8 km from the Gump Research Station. Collected corals were transported by boat in individual seawater-filled sealed plastic bags to the research station where they were maintained in a shaded outdoor water table supplied by oncethrough circulated seawater. Within 2 h of collection and while continuously submerged, each coral fragment was affixed vertically on a uniquely numbered PVC plate (~80 × 35 mm) using Z-Spar A-788 Splash Zone Epoxy™ to anchor the base of the branch to the plate. Each numbered fragment was then photographed and measured (tip to edge of the epoxy; mean ± SE initial length 44.7 ± 7.0 mm; range 30-65 mm), and the epoxy was left to cure overnight. The following morning the fragments were transported to the experimental site by boat in individual seawater-filled sealed plastic bags. Each coral plate was affixed to the substrate using a preinstalled stainless steel bolt that fit through a hole in the PVC base plate, and secured on the bolt using stainless steel nuts.
Each colony received 5 haphazardly-selected coral fragments that were distributed within the farmerfish-defended garden to span the natural range in height above bottom, cardinal exposure, etc. In addition to the 29 bommies that supported farmerfish colonies, 3 additional bommies that lacked farmerfish received staghorn outplants as negative controls; these additional bommies, which were interspersed among the other focal bommies, were selected based on similarity in their physical characteristics to the farmerfish bommies, except for the presence of farmerfish and their gardens.
In all, 160 coral fragments were outplanted (32 bommies, 5 nubbins each). To minimize handling time, corals were collected, processed, and outplanted in 3 batches on successive days (i.e., ~53 nubbins at a time). None of the 160 fragments were structurally damaged during the transplantation process (e.g., no axial and radial corallites were broken). Mortality due to handling is readily estimated because over-stressed staghorn fragments first bleach and then lose tissue, leaving an intact skeleton (bleached corals are not consumed). Four outplanted coral fragments bleached (and subsequently died) within a week of deployment and none thereafter, yielding an estimated handling mortality rate of 2.5%.
Based on remote video of outplanted staghorn coral, the primary consumers of A. pulchra are excavating corallivores (e.g., barred filefish Cantherhines dumerilii; guineafowl puffer Arothron meleagris), which in Moorea elicit disproportionately strong aggressive reactions by farmerfish (Gochfeld 2010) . These corallivores consume staghorn coral in a distinctive manner by shearing off a portion of the skeleton from the tip of a branch; partially consumed branches are readily distinguished for several weeks afterwards by the sharp end, exposed skeleton, and lack of axial polyp at the branch tip. Thus, in the short term, reduction in length of a coral fragment that shows the characteristic signs of being bitten by an excavating corallivore is an excellent measure of partial predation. Accordingly, the length of each coral fragment was remeasured to the nearest mm in situ after 1, 2, and 3 weeks of its deployment. Here, we only report results for 3 weeks as there was comparatively little change in nubbin lengths between 2 and 3 weeks, suggesting that all bommies had been discovered by corallivores by 3 weeks. The metric used for analyses was the mean proportional reduction in initial branch length after 3 weeks on a bommie, obtained by averaging the proportional change ([L Initial -L Final ]/L Initial ) of the 5 (or 4) replicate coral fragments (excluding the 4 nubbins that died from handling) on each bommie. We elected to focus on proportional change because, despite our careful efforts, there were small differences in the starting size of our outplanted corals.
We remeasured the lengths of each experimental A. pulchra nubbin again 6 months later (January 2017) to evaluate the long-term effects of farmerfish aggressiveness on coral performance. Here again, the metric used for our analysis was the mean proportional change in initial branch length across the 4-5 replicate corals on each bommie.
Statistical methods
We first tested whether the collective behavior of each colony was temporally consistent by testing the repeatability of the following responses: 1) the difference in the average number of fish that inspected the stimulus fish (Zebrasoma) and the control (Number of Responding Fish), 2) this number divided by the total number of farmerfish in the colony (Per Capita Aggressiveness), 3) the latency for colony members to emerge following the approach of a free diver (Latency to Emerge), 4) the average number of fish out 30 s and 60 s postemergence (Number Out Postemergence), and 5) the number of combined chases exhibited towards conspecific and heterospecific intruders during our scan samples (Total Number of Chases). To assess repeatability, we used the intraclass correlation coefficient (ICC) method in the ICC package (Wolak et al. 2012) of R 3.1.2 (Pinheiro et al. 2014) . To improve data fit to a Gaussian error distribution, per capita aggressiveness was arcsine transformed and latency data were not truncated and therefore log-transformed. Repeatabilities and 95% CI are provided here. Repeatabilities were deemed significant if their 95% confidence intervals did not overlap zero. We then tested for correlations across colonies' behavioral responses by averaging colonies' responses across their 5 replicate observations and testing for correlations across these averages (per capita aggressiveness, latency to emerge, number of fish outside after emergence, etc.) using Pearson correlations.
We used general linear models to test for associations between colony attributes and the number of total branching corals (Pocillopora + Acropora) and total corals present in the farmerfish territory (Pocillopora+Acropora+Montipora). We used colony per capita aggressiveness and the naturally-occurring number of chases exhibited during scan samples as the only predictor variables in our models because all other aspects of colony behavior were highly correlated with each other (Supplementary Information 1) and group size (see Results for details). The average of our 5 behavioral measures for each colony was used to obtain a single metric for per capita aggressiveness and for number of chases per colony. We conducted post hoc pattern exploratory analyses to evaluate possible associations between group size and the body size of group constituents and colony aggressiveness using linear regression models.
To test for associations between colony aggressiveness and the degree of corallivory within farmerfish territories, we averaged the proportional change in length of the 5 Acropora coral fragments outplanted into each territory, and then used this metric as our response variable. We then evaluated 4 rival models using AICc model selection criteria, where lower AICc values indicate a more informative model and a difference of AICc >2.0 indicates a notably superior model performance. Model 1 contained colonies' per capita aggressiveness, time of the census (3 weeks vs. 25 weeks post deployment), and their interaction term. Model 2 contained the distance of each bommie from the reef crest, times of the census, and their interaction term. Distance from the reef crest is known to be a determinant of coral growth rate in Moorea (Lenihan et al. 2015) . Model 3 contained colonies' per capita aggressiveness, time of census, distance to the reef crest, and all possible interaction terms as predictor variables in the model. Colony per capita aggressiveness was not significantly correlated with distance to the reef crest (r = 0.11, n = 29, P = 0.57). Model 4 included bommie size (circumference in meters), depth (meters), distance to the reef crest, and all possible interaction terms. All models contained colony ID as a random effect, to account for the fact that data taken from the colony at week 3 and 25 are not statistically independent.
RESULTS
Repeatability of colony behavior
The farmerfish colonies in our study displayed temporally consistent patterns of behavior. Colony identity explained a significant component of the variation in every metric of behavior that we assessed. Our estimates of the intraclass correlation coefficients were as follows, with 95% CI in brackets: number of fish responding to invaders ( Pearson's correlations testing for an association in colonies' average per capita aggressiveness (r = 0.67, df = 28, P < 0.0001) and boldness (latency to emerge) (r = 0.73. df = 28, P < 0.0001) across years (2016 vs. 2017) were both highly significant, conveying a high degree of behavioral consistency across years.
Colony behavior versus coral presence
Our general linear models predicting the number of branching corals and the total number of corals present inside farmerfish territories were both significant: number branching corals (F 2,26 = 6.42, R 2 = 0.33, P = 0.005), total number of corals (F 2,26 = 7.20, R 2 = 0.36, P = 0.002). In both cases, we detected a positive association between colonies' per capita aggressiveness and the number of corals located within the colonies' territories (number branching corals: t = 2.74, β ± SE = 21.24 ± 7.74, P = 0.01; total number corals: t = 2.91, β ± SE = 25.99 ± 8.52, P = 0.007) (Figure 1 ). The number of chases exhibited by colonies under natural conditions displayed a positive, nonsignificant association with both metrics of coral abundance (Supplementary Information 1) . Post hoc inspection of the data suggested that these trends were driven by a positive relationship between colony per capita aggressiveness and the number of Pocillopora present in the territory (Figure 1 ) and a positive relationship between the number of chases exhibited and the number of Acropora present within the territory (Figure 2) (Supplementary Information 1) . Pocillopora can represent 30-65% of the annual coral recruits at Moorea and upwards of 85-95% of branching coral recruits (Gleason 1996; Penin et al. 2007 ). Colony per capita aggressiveness was negatively associated with the percent cover of the dominant macroalga Turbinaria (t = 2.24, β ± SE = −3.32 ± 2.48, P = 0.03). Information 1) . The highest performing model in this analysis was the model containing colony aggressiveness, the time of sampling, and their interaction term (Model 1). This model contained significant main effects of time of sampling (F 1,30 = 15.68, β ± SE = 0.13 ± 0.03, P = 0.0004), per capita colony aggressiveness (F 1,30 = 14.86, β ± SE = 1.94 ± 0.50, P = 0.0006), but not their significant interaction term (F 1,30 = 1.79, β ± SE = 0.36 ± 0.27, P = 0.19).
Colony behavior versus coral replenishment
Our control corals outplanted on bommies that lacked farmerfish suffered 98% corallivory after 3 weeks, which did not drastically differ from the >80% corallivory experienced by corals in nonaggressive territories in an equivalent amount of time. By contrast, corals outplanted into very aggressive colonies experienced far less (<20%) corallivory (Figure 3) . Over 25 weeks, only corals outplanted into moderate or aggressive farmerfish territories grew in length, whereas corals outplanted into docile territories shrank in size (length). Corals were also slightly larger 25 weeks post outplanting, which conveys that corals were on average growing in their new habitats (Figure 3) .
Underpinnings of colony aggressiveness
The results above raise the question of why territories differ in their collective aggressiveness. Post hoc pattern exploration using linear regression revealed a positive association between the proportion of colony members that were large in size (10-15 cm FL) and the Negative aggressiveness values indicate that a colony was more responsive to an empty container control than a staged herbivore intruder. 
# of Chases Exhibits Towards Intruders
Figure 2
Positive relationship between the number of naturally-occurring chases observed during our scan samples of Farmerfish colonies and the number of Acropora found within the colony's territory (n = 29). Note that only 10 bommies contained Acropora in our sample. Data are the average relative change in length of outplanted staghorn coral (Acropora pulchra) on each Stegastes territory 3 and 25 weeks after transplantation vs. colonies' per capita aggressiveness (N = 29). Each territory received 5 replicate branches ("nubbins") of staghorn (mean 44.7 mm tall; range 30-65). Each numbered branch was remeasured periodically in situ until 3 weeks had elapsed and again 25 weeks after outplant. Early decreases in length (week 3) likely represent predation by excavating corallivores. Negative aggressiveness values indicate that a colony was more responsive to an empty container control than a staged herbivore intruder.
per capita aggressiveness of the colony (F 1,27 = 7.57, R 2 = 0.22, β ± SE = 0.011 ± 0.003, P = 0.01). Presumably larger individuals might engage in more aggressive behavior because their size affords them greater safety, and thus, they can more freely engage in risky behaviors, like colony defense. Aggressive demonstrators may also instigate aggressiveness in smaller group mates. Additional studies are required to evaluate these hypotheses. An association between colony aggressiveness and colony member size raises a question whether differences across colonies in average body size alone might be a stronger predictor of coral recovery rates than our aggressiveness measure. Thus, in a post hoc analysis, we constructed a model containing average colony member size, time point of sampling, and their interaction term as predictor variables and average percent change in coral size at each bommie as our response variable. Bommie ID was again included as a random effect in this model. Although average fish size was a significant term in this model (F 1,30 = 10.49, β ± SE = 0.014 ± 0.004, P = 0.003, AICc = 97.12), this analysis did not perform as well as the model containing per capita colony aggressiveness (Model 1), suggesting that differences in body size alone are not completely sufficient to explain the observed patterns in coral recovery (R 2 = 0.80). To further probe this relationship, we performed another follow-up analysis on just the 25-week data to ask: Does collective aggressiveness tells us anything above and beyond between-colony differences in body size when predicting coral growth? For this analysis we included the average body size of colony members as a covariate (F 1,30 = 6.72, r 2 = 0.18, P = 0.015) and then tested whether per capita aggressiveness explains a significant component of this residual variation-which is does (F 1,30 = 5.14, r 2 = 0.15, P = 0.03). We then performed a parallel analysis where we included colony aggressiveness as a covariate (F 1,30 = 14.34, r 2 = 0.32, P = 0.0007) and evaluated whether body size tells us anything above and beyond colony behavior-which is does not (F 1,30 = 0.78, r 2 = 0.03, P = 0.38). These results convey that colony aggressiveness is an important driver of coral performance, even when accounting for farmerfish body size, but the reverse is not true.
For most* behavioral metrics considered here, we detected a positive association between colony size (number of farmerfish present) and their collective behavior (All P < 0.0007, Supplementary Information 1). However, no such association was detected between colony size and per capita colony aggressiveness (P = 0.52).
DISCUSSION
Much of the attention on collective behavior is devoted to understanding how it is organized and executed with imperfect information and a lack of central control (Couzin and Franks 2003; Sumpter 2006) . Some studies have explored the functional consequences of collective behavior for social groups (Wray et al. 2011; Gordon 2013 ) but very few have sought to assess the effects of collective behavior on broader ecological processes. Yet, we reason that the ecological impacts of collective behavior are likely to be sizeable for a variety of systems. Stable intergroup differences in behavior provide us with a convenient tool with which to evaluate such effects. Here, we show that farmerfish groups exhibit stable differences in their collective behavior for every behavioral metric we considered. What is more, our data provide some of the first evidence that these intergroup differences in collective behavior could play a role in shaping the trajectory of ecosystems.
Most coral reefs periodically experience large-scale disturbances. Cyclones (De'ath et al. 2012) , outbreaks of crown-of-thorns sea stars (Acanthaster planci) (Berumen and Pratchett 2006; Kayal et al. 2012) , and bleaching events (Gleason 1993 ) are some of the most prominent events that result in large-scale die-offs. One challenge for ecologists is to determine the factors that allow some coral communities to rebound from such events and what causes others to transition into alternative persistent states (e.g., algal dominated systems). We propose that intraspecific behavioral variation in coralassociated fishes might help to explain some of this variability on a fine scale. Farmerfish are a highly territorial species with defensive behavior towards intruders including conspecifics, heterospecifics and even novel objects (Vullioud et al. 2013 ). This species also has a large distribution ranging from east Africa to the eastern Pacific-a region containing many of the world's coral reefs (Roberts et al. 2002) . These fish also reach high densities in many reef systems, with many individuals per meter squared (Johnson et al. 2011) . These attributes poise this species, and others like them, to have considerable impacts on the dynamics of coral reef systems across large regions, at least at a bommie by bommie level.
We show here that, like many other animals (Jandt et al. 2013; Farine et al. 2015) , farmerfish exhibit stable between-group differences in their collective behavior. We further provide evidence that their impacts on coral recruitment and population replenishment vary based on a group's behavioral tendencies. Here, we deem recruitment to mean successful establishment in a patch. Specifically, we observed a sizable reduction in incidence of excavating corallivory when corals were experimentally established in aggressive farmerfish colonies, and enhanced relative growth rates over several months. While previous studies have verified that corals experience reduced corallivory inside of farmerfish territories (White and O'Donnell 2010) , our data reveal that these effects are not merely binary and vary by more than 400% in association with a colony's behavior (Figure 3) . Moreover, more aggressive groups harbor a larger number of branching corals, particularly Pocillopora, which often represent the majority of coral recruits in the Moorea system (Gleason 1996) . There is thus both correlative and experimental evidence to suggest that the ecosystem effects provided by farmerfish change predictably based on the behavioral tendencies of the colony considered.
One of the limitations of our study's design is the inability to document a cause-effect relationship between farmerfish behavior and coral growth. While aggressive farmerfish territories naturally harbor more branching corals and out-planted corals experience less corallivory in these territories, farmerfish may also behave more defensively because their territories harbor more branching corals. For instance, branching corals may provide greater protection from predators or increased surface area on which to garden turf algae. Farmerfish may therefore behave more aggressively here because coral-rich environments are better territories, and therefore, worth defending more aggressively. To critically decipher whether aggressive groups create coral-rich environments (and not vice versa) one needs to manipulate coral presence in farmerfish territories and observe the effects that this has on farmerfish behavior (corals → behavior). And, one further needs to create experimental farmerfish colonies of contrasting behavioral tendencies, outplant corals within their territories, and then monitor coral performance (behavior → corals). We have data demonstrating that outplanted corals can increase farmerfish colony aggressiveness (Kamath A and Pruitt JN, unpublished data), conveying one direction of causality is present. Unfortunately, the high mobility of farmerfish and the difficulty of creating artificial coral heads, which would weigh hundreds of kilograms, have prevented us from evaluating cause-effect relationships in the opposing direction.
We propose a possible positive feedback loop between farmerfish behavior and community composition in terms of corals versus macroalgae (summarized in Figure 4 ). Suppose that immediately after a large disturbance that some habitat patches previously dominated by corals come to harbor nonaggressive groups of farmerfish while others come to harbor aggressive groups. If a patch comes to be occupied by an aggressive group, then this is predicted to decrease corallivory and increase coral recruitment and regeneration in that patch. Once the patch becomes coral-dominated, corals are known to inhibit the establishment of macroalgae. Nonaggressive farmerfish groups are predicted to yield higher levels of corallivory and reduced coral regeneration, and therefore may facilitate the establishment of macroalgae competitors. This latter cycle is supported by our finding that nonaggressive groups tend to harbor more Turbinaria within their territories. While the directionality of these associations between colony behavior and community composition is uncertain (see above), our data here raise the possibility of such feedbacks. One significant conclusion from our findings is that overlooking intraspecific variation in key functional traits, like behavior, may prevent us from accurately forecasting the dynamics of future coral reefs. For example, evidence suggests that increasing global temperatures threatens coral reefs by decreasing corals' photosynthetic rates and increasing incidence of bleaching (Glynn 1993; Hoegh-Guldberg 1999; Anthony et al. 2008) . However, this prediction becomes more nuanced when one simultaneously considers the behavior of key coral associates, like farmerfish and other territorial fishes. It is well-established in ectotherms that increased temperatures result in an exponential increase in animals' basal metabolic rates (Schmidt-Nielsen 1991; Clarke and Johnston 1999) , which leads to large increases in animals' activity, boldness Diagram depicting the predicted successional consequences of docile (left side) versus aggressive (right side) Farmerfish groups. Nonaggressive groups are predicted to defend newly-recruited corals poorly, permitting macroalgae (genus Turbinaria) to establish in the patch. Aggressive groups are predicted to defend newly-recruited corals more effectively, thus permitting them to reach greater abundances in these patches and prevent the establishment of macroalgae competitors. and aggressiveness (Biro et al. 2010; Pruitt et al. 2011; Briffa et al. 2013) . Thus, as the world's oceans warm, the behavioral tendencies of many marine ectotherms are speculated to shift towards more aggressive phenotypes, at least over some temperature ranges. As documented here, such shifts could increase the defensive efficacy of residential fishes, which could offset some of the costs of reduced photosynthetic performance: a large increase in the aggressiveness of farmerfish could reduce corallivory by 50-80%, based on our estimates. Results like these help to illustrate that much of the diversity in key functional traits, like behavior or physiology, occurs below the level of the guild, the species, or even the population, and that accounting for such variability could be key for predicting the future state of biological systems-terrestrial or marine.
CONCLUSIONS
We establish here that intergroup differences in collective aggressiveness are positively associated with coral establishment and population replenishment in lagoon patch reefs in Moorea. More aggressive farmerfish groups harbor more corals within their territories, and the growth and survival of corals are enhanced when they occur within such territories. These findings suggest that variation in group behavior could play a role in determining the functioning and resilience of entire ecosystems. Many ecosystem engineers are social animals. Elephants are one of the key drivers of structural change in savannah habitats across much of Africa (van Aarde et al. 1999; van Aarde and Jackson 2007) . In the Amazon, the ant Myrmelachista schumanni turns one of the most diverse forests on the planet into a sparely populated monoculture of one tree species by envenomating all other trees Gordon 2007, 2009 )-termed "Devil's Gardens." Humans have likewise altered the Earth beyond recognition for many of world's most sensitive species. Data like those reported here provide empirical evidence that the impacts of major social organisms on their environments will be different and predictable depending on the collective behavioral phenotype of the specific group considered. Thus, documenting relationships between group behavior and their ecological effects may help us to understand the current and future states of a variety of ecological systems.
